Introduction
Over the past 4 decades, the capabilities of ultrasound flow imaging in medical management, especially in obstetrics, have increased enormously, with color flow imaging now in commonplace and facilities such as 'power' or 'energy' Doppler providing new ways of imaging flow 1, 2 . With such versatility, it is tempting to employ the technique for ever more demanding applications and to try to measure increasingly subtle changes in the maternal and fetal circulations 3 . Pre-eclampsia and intrauterine growth restriction remain important causes of maternal and perinatal morbidity and mortality 4, 5 . Accurate prediction of pre-eclampsia and intrauterine growth restriction is crucial to allow judicious allocation of resources for monitoring and preventive treatment to improve maternal and perinatal outcomes 6 . Alterations in waveforms in the uterine artery are associated with the development of pre-eclampsia and intrauterine growth restriction. However, the findings from various studies have not been consistent nor provided clear guidelines for obstetrical management 7, 8 . The performance of uterine artery Doppler velocimetry as a screening test seems to depend on the prevalence of the adverse outcome in the studied population and whether the adverse outcomes are assessed individually or collectively. In the light of these controversies and conflicting recommendations, there seems to be a need for more data from properly designed research studies. There is also a need to clarify the specific parameters measured in the Doppler procedure in order that the predictions can be simpler for use in common practice by obstetricians. Further, most studies are done in developed countries and there are hardly any studies examining Doppler ultrasonography critically in developing world such as in India, where pre-eclampsia and fetal growth restrictions are quite common. In this paper, experiences in the use of Doppler during the second trimester of women attending a multispecialty hospital in the outskirts of Bangalore city in Karnataka state, India, are presented with a brief discussion on future research ideas.
II.

Material & Methods
The study was carried out at Bangalore Baptist Hospital(BBH), in Karnataka State, a private multispecialty hospital, well known for quality care. A random sample of 217 women with singleton pregnancy between 20-24 weeks were selected and subjected to uterine artery Doppler along with the routine morphology scan from April 2002 to March 2003. The study consisted of high and low risk patients where high risk included previous pregnancies with pregnancy induced hypertension or pre-eclampsia, small for gestational age baby, or poor perinatal outcome. Patients with preexisting hypertension and anomalous babies were excluded from the study. Procedure: With the transducer in the longitudinal plane, the external iliac artery is visualized at pelvic sidewall with color Doppler. The transducer is then angled medially towards the uterine arteries where they cross the external iliac arteries. Four different waveforms were obtained from each uterine artery and the average was taken on each side. The procedure took 5 minutes in addition to the 12-15 minutes required for biometry and morphology. These patients were followed up till delivery and the details of pregnancy events, labour and delivery and neonatal outcome were noted.
Record review was done using a formatted proforma, which was filled up. The follow up details were obtained from the labour room and medical records. The results of the test were not revealed to the patient or the clinician and no action was taken based on the Doppler results. The study was accepted by the ethics committee of our hospital. The outcome measures studied were Preeclampsia, SGA < 5 th centile, SGA < 10 th centile, any of these conditions requiring delivery before 34 weeks. The parameters analysed were the 90th centile, 95th centile, 2 standard deviations applied on the right and left PI, RI and S/D also any of the parameter and more than 3 of the parameter being positive. In addition, any notch being present (bilateral or unilateral) present was taken as positive predictor. The validity of Doppler as predictor was tested using sensitivity, specificity, positive and negative predictive values and percentages of false positive and false negative for the outcome measures. The results were analyzed using the summary receiver-operating characteristic curve, by plotting the true positive rate (sensitivity) vs. false positive rate (1-Specificity) by taking the values for various cutoffs (90th and 95th percentiles, 2 standard deviations, standard cutoffs) for various parameters. The curve with greatest area under it represented the best predictor for the disease. The other outcome measure observed was nonproteinuric pregnancy induced hypertension, in high risk and low risk patients.
III.
Results:
The Mean(SD) age of women was 24(4)years, the gestational age at the time of assessment was 22.6(1.2)weeks, height and weight were 153(7)cm and 54.2(10.1)kg respectively, and the systolic and diastolic blood pressures were 110(7) and 72(7). The Mean(SD) Pulsatility Index on the right was 0.85(0.35) and 0.88(0.33) on the left. The RI was 0.53(0.12) on the right and 0.54(0.10) on the left; the S/D on the right was 2.23(0.79) and on the left it was 2.28(0.70). The Mean(SD) ultrasonic age was 22.2(0.7)weeks, the Gestational Age at delivery was 38.2(1.5)weeks, and the Birthweight was 2.83(0.43)kg.
The Complications noted in the study are presented in Table 1.  TABLE 1 Two patients had intra uterine death. Both of them were nulliparous i.e., low risk. Among them 1 patient had high Doppler indices with a unilateral notch and had intrauterine death at 35 weeks with a small for gestational age baby of 1.27 Kg but there was no pre-eclampsia or pregnancy induced hypertension. The other patient had normal Doppler no pre-eclampsia and low birth weight of 2.3 Kg at 39 weeks. There was 1 case of maternal death with high Doppler at the time of scan. She had severe pre-eclampsia and had caesarian section for PROM and died with pulmonary embolism. There were no smokers or alcoholics among the study population. There were no cases of antepartum haemorrhage or eclampsia.
The validity of Doppler ultrasonography for predicting Preeclampsia and PIH based on the local cut-offs(BBH) which are the Doppler values above the 95 th centile and the standard cutoffs from previous studies [9] [10] [11] , is shown in Table 2.  TABLE 2 Diastolic notch as a single parameter is the best indicator with highest sensitivity and positive predictive value. However the combination of parameters is the best indicator. 95 th percentile gives better ratios. Taking the standard cut-off for the parameters from studies reduces the specificity and positive predictive value though increases the sensitivity. Doppler is better tool for predicting severe form of the disease i.e. preeclampsia (SE-80) rather than the milder PIH (SE-18).
The efficacy of Doppler sonography for predicting SGA<5 th and 10 th percentiles are given in Table 3.  TABLE 3 Diastolic notch as a single parameter is the best indicator with highest sensitivity and positive predictive value. RI has sensitive and specificity similar to notch. However the combination of parameters is the best indicator. 95 th percentile gives better ratios. Taking the standard cut-off reduces the specificity and positive predictive value though increases the sensitivity. The sensitivities of Doppler for SGA are lesser than for preeclampsia.
The Summary Receiver Operating Characteristic Curves for Preeclampsia, SGA< 5 th centile and SGA < 10 th centile are displayed in figures I, II and III respectively FIGURE I FIGURE II FIGURE III ROC curves show that Doppler is a better predictor for Pre-eclampsia than fetal growth restriction. Since the ROC of SGA < 10 taken as cut-off for fetal growth restriction, is more linear compared to SGA < 5, Doppler is better predictor of severe growth restriction. Notch could not be plotted as it has a single value (Present / Absent). Table 4.  TABLE 4 Doppler predicts Pre-eclampsia better in high risk patients and since the prevalence is more in the high risk it may be more useful in high risk cases. Doppler also predicts fetal growth restriction better in high risk patients and since the prevalence is more in the high risk it may be more useful in high risk cases.
Comparison between HighRisk and LowRisk pregnancies with Notch as Predictor is shown in
IV. Discussion
Over the past two decades, several investigators have explored the validity of Uterine artery Doppler flow velocity waveforms as predictors of pre-eclampsia, fetal growth restriction, and adverse perinatal outcomes notches, increased pulsality indices 2,7,8. Yet, there has been no consensus on several aspects of Doppler ultrasonography in terms of the best time for assessment, the optimal outcome parameters, cut-off thresholds to obtain maximum predictive powers, and relationship of prediction to prevalence of the adverse events 13, 14 . The findings of the present study done several years ago in south India seem still valid in terms of the timing, parameters and optimal screening efficacies (Table 1 and 2) .
For example, the sensitivity of Doppler by PI>95 th centile and unilateral notch has sensitivities for preeclampsia especially the severe disease requiring delivery before 37 weeks than mild preeclampsia or non proteinuric hypertension. The positive predictive values are better if combination of parameters show abnormality than if any one parameter taken 12, 15 . Extrapolating the results taking the standard reference values has shown to have higher sensitivities though reduces the specificity and positive predictive values. This may be due to different characteristics of the study population. Hence there is a need to generate the reference ranges from the population in question to improve the validity of the test 16 . To a practicing obstetrician, Doppler provides a panorama of parameters, which needs to be judiciously considered taking into account the high risk profile of the mother as well as the implications of false predictive values. Several investigators have suggested that diastolic notch in the uterine artery as a single parameter is better than the individual Doppler indices 15, 17, 18 , while others are more in favour of using the PI 12, 19 .Given the technological improvements in the Doppler hardware and software 20 , ultimately the ability to measure accurately the increased impedance to uterine artery flow in both high risk and low risk pregnancies becomes crucial to predict the risk for subsequent development of pre-eclampsia and fetal growth restriction. The findings from this research show that women with normal impedance to flow in the uterine arteries constitute a group that have a low risk (negative predictive value for pre-eclampsia is 99% and for SGA < 5th percentile is 93%) of developing obstetric complications related to Uteroplacental insufficiency, as observed by others 14, 21 .
In the present study and other studies 3, 7, 22 indicate that Doppler is a better tool for high risk women. The negative predictive values being high, Doppler can reduce the anxiety and burden on high risk women, as women with normal Doppler are unlikely to develop preeclampsia, and severe FGR 14 . In the light of the findings from various research studies, not all consistent, there has been much debate on whether Doppler ultrasonography should be routinely used in obstetrical practice [23] [24] [25] [26] . Both pre-eclampsia and fetal growth restriction being of grave nature and of higher incidence in the Indian population, the inclusion of Doppler which takes another 5 minutes in trained hands with the anomaly scan may help to identify a group of women who may be referred to higher centers for further antenatal work up and the normal Doppler women may safely follow in low resource settings as well. Whether Doppler findings along with other investigations can improve the prediction has been studied but no firm conclusions could be drawn [27] [28] [29] . Being a noninvasive procedure has its advantages and maximizing its potential should be the focus of further research.
V. Conclusions
A combination of parameters is the best indicator for prediction of Pre-eclampsia and fetal growth restriction. Diastolic notch in the uterine artery as a single parameter is better than the individual Doppler indices. Increased impedance to uterine artery flow in both high risk and low risk pregnancies is associated with the risk for subsequent development of Pre-eclampsia and fetal growth restriction and it is a better predictor for high-risk patients. Women with normal impedance to flow in the uterine arteries constitute a group that have a low risk (negative predictive value for pre-eclampsia is 99% and for SGA < 5 th percentile is 93%) of developing obstetric complications related to Uteroplacental insufficiency. Abnormal Doppler is better predictor of Preeclampsia(sensitivity 60%) than fetal growth restriction ( sensitivity 26%). Reference ranges taken from the study population are better indicators than those from other studies. Uterine artery Doppler may be included in hospitals with facilities and infrastructure to identify a group of patients at risk of developing Pre-eclampsia or fetal growth restriction. Further studies have to be done to examine its potential as a screening tool. 
